Study objective: To investigate potential vascular and neuroendocrine determinants of altered blood pressure (BP) regulation in patients previously operated on for aortic coarctation. Design, setting and patients: We prospectively re-evaluated 45 patients operated on for aortic coarctation at Strasbourg University Hospital over a 13-year period. Four of these patients were less than 2 years old at the time of the operation and four were older than 20 years. Patient age and time since the operation were on average 21 ؎ 13 years and 8 ؎ 3 years, respectively. Surgery consisted of a resection with end-to-end anastomosis for 18 patients, angioplasty (8), prosthesis (4) or sub-clavian flap (15). Results: Despite repair of the coarctation, about 40% of the patients showed an abnormal BP status at rest. The
Introduction
The surgical repair of aortic coarctation consists most often of a resection-anastomosis. 1, 2 Operative and postoperative complications (paradoxical hypertension, mesenteric and/or spinal ischaemia) are infrequent, as are more chronic local complications such as aortic aneurysms or dissection. Nevertheless, compared to healthy subjects, the risk of cardiovascular mortality is still increased. [3] [4] [5] Abnormal blood pressure (BP) status following surgical repair appears to account for most of this excess mortality. For some patients, the surgical repair of the coarctation does not resolve the BP abnormalities; this is particularly the case when the operation has been performed at an adult age. 3 In other patients, hypertension is initially suppressed following surgery but reappears later on. Most patients after surgical repair have mild residual and/or recurrent aortic narrowing and increased brachial BP during submaximal effort. [5] [6] [7] A pressure gradient develops at the level of the surgical repair Correspondence: Dr Jean-Christophe Roegel, Forenap, Centre Hospitalier, 27 rue du 4ème R.S.M., 68250 Rouffach, France Received 12 February 1998; revised and accepted 15 May 1998 majority of these patients had uncomplicated borderline hypertension. The orthostasis test as well as the BP circadian rhythm were frequently abnormal. While the ankle/arm systolic pressure index measured at rest was generally within the normal range, diminished carotidfemoral pulse wave velocity was observed. Plasma adrenaline and aldosterone levels were elevated in about 50% of the patients examined. Conclusions: These new findings suggest that there are 'cause and effect' relationships between aortic structural and functional vascular abnormalities, and augmented plasma adrenaline and aldosterone in some patients after coarctation repair. These phenomena are likely to be involved in altered BP regulation and might result in recurrent hypertension.
when cardiac output is increased. Inappropriate vascular reactivity at the level of the precoarctation arterial beds and altered baroreflex function often persist after successful repair of aortic coarctation. [7] [8] [9] However, the implications of these alterations in the pathophysiology of recurrent elevated BP remain unclear.
It seems unlikely that mechanical factors alone (eg, scarring at the site of coarctation repair, reduced large vessel compliance) could account directly for all the BP abnormalities found subsequent to successful operation. Therefore we prospectively reevaluated patients operated on for aortic coarctation over a 13-year period with the aim of better understanding the relative contribution of vascular and neuroendocrine determinants in altered BP regulation. The main components considered a priori to play a role in altered BP regulation were evaluated in an integrated fashion to look for possible relationships, ie, for a unifying hypothesis for the pathogenesis of late hypertension following coarctation repair.
Patients and methods
Seventy-five of the 118 patients operated on for aortic coarctation in the cardiovascular surgery department of the University Hospital of Strasbourg between October 1980 and November 1993 could be contacted. Forty-five (38%) of these patients agreed to undergo follow-up examinations. Information concerning the 30 other patients contacted was obtained from their records and from their physician(s); 28 of these patients were followed by the same pediatric cardiologist. Data of these (on average) younger patients at the time of operation are compared to those of the 45 patients examined (Table 1) . Forty-three patients (36%) could not be contacted. The untraceable patients had a less favourable baseline profile at the time of operation as compared to the patients who could be contacted (Table 1 ). There was no obvious explanation for the low response rate.
The main characteristics of the patients examined (pre-operative functional symptoms, type of aortic coarctation, associated malformations, surgical technique used, pre-and post-operative arterial pressure, age at the time of the surgical repair) are presented in Tables 1 and 2 .
Protocol of the examination
Clinical examination: Standardised, it includes an interview focusing on family, medical and surgical antecedents, life style, and possible symptoms at rest and/or during effort. Physical examination includes auscultation of the heart, lungs and large arteries, and palpation of the carotid, radial and femoral pulses.
Measurement of the brachial arterial pressure by auscultation with a mercury sphygmomanometer: After 10 min rest in a supine position, the arterial pressure is assessed in both arms according to the protocol recommended by the World Health ) 147 ± 18 (n = 43) 144 ± 22 (n = 28) 156 ± 29 (n = 42) Left brachial DAP (mm Hg) 87 ± 13 (n = 31) 85 ± 18 (n = 14) 91 ± 14 (n = 31) Inferior members SAP (mm Hg) 87 ± 12 (n = 32) 80 ± 17 (n = 17) 93 ± 19 (n = 35) 88 ± 14 (n = 27) 89 ± 13 (n = 15) 94 ± 21 (n = 27) Location of coarctation Pre-isthmic  7  5  3  isthmic  25  22  27  Post-isthmic  13  3  13   Type of operation  Resection-anastomosis  18  17  18  Angioplasty  8  3  11  Prothesis  4  3  7  Waldhausen operation  15  7  7  Anti-hypertensive treatment  17  15  24  after operation (short term) The results are expressed as mean ± s.d. SAP: systolic arterial pressure; DAP: diastolic arterial pressure; NYHA class: New York Heart Association heart failure classification; Waldhausen operation: aortic angioplasty with the subclavian artery. Organization. A cuff adapted to the circumference of the arm is used. The side for the first measurement is chosen at random. Means of three readings are taken. The existence of arterial hypertension is based on criteria accepted for the detection, evaluation, and treatment of high BP.
10,11
Automatic measurement of the brachial arterial pressure-Orthostasis test: This examination assesses the sympathetic component of the baroreflex. The arterial pressure and the cardiac frequency are measured at rest in the supine position every 5 min over a period of 30 min (oscillometric method; TM 300, Mira Electronique, France). The cuff is placed on the arm in which the higher systolic BP value has been measured by the sphygmomanometric method. Before the first BP measurement, a venous catheter is positioned in the other arm (see below, 'Endocrine and biochemical assays'). The patient thereafter remains at rest until the last measurement in the supine position. Blood samples are then taken from the venous catheter and the patient stands up. The arterial pressure and the cardiac frequency are measured immediately and 5 min after assuming an upright position. The catheter is removed after a further blood sample has been taken. These pressures are assessed using Doppler ultrasound technique after a 10 min rest in the supine position. Cuffs adapted to the circumference of the arm and the ankle are used. As patients examined in this investigation frequently had BP asymmetry, systolic arterial pressure (SAP) values taken into account for the determination of the AAI are the higher values obtained respectively at the humeral and tibial level.
Ambulatory

Measure of the pulse wave velocity (carotid-femoral PWV):
This investigation measures arterial compliance. A sensor is positioned on the right carotid artery adjacent to the thyroid cartilage and the second sensor on the right femoral artery at the inguinal level. The PWV is calculated by dividing the distance separating the two sensors (measured with the help of a ribbon meter) by the time corresponding to the period separating the start of the rising phase of the carotid pulse wave and that of the femoral pulse wave, from a simultaneous recording. 13 This calculation is made with the help of a computer program after simultaneous acquisition of the two signals (Complior, Colson, Garges les Gonesse, France).
Cardiac scan (Toshiba PSAL-38D, Boulogne, France): Echocardiographic measures are obtained in the left lateral decubitus position. The average of three consecutive measurements is used for each parameter. The systolic function of the left ventricle (LV) is evaluated using measurements of the fractional shortening (FS), ie, the percentage of shortening of the left ventricular minor axis during systole. The diastolic function of the LV is evaluated using measurements of waves E and A of the transmitral flow: when the ratio of the proto-diastolic LV filling wave E to the wave A corresponding to the presystolic LV filling is higher than 1, relaxation and LV filling are considered normal.
14 The left ventricular mass (LVM) is calculated using Devereux's formula (Penn):
where LVD represents the internal transverse diameter of the left ventricle in end-diastole, IVS the thickness of the interventricular septum in enddiastole and LVPW the thickness of the posterior wall of the left ventricle in end-diastole. 15, 16 The left ventricular mass index (LVMI) is calculated by dividing the LVM by the body surface calculated from the height and the weight. The results obtained are compared to reference values reported in the literature for healthy subjects of comparable sex, age and size. 17, 18 Endocrine and biochemical assays: A brachial catheter (Vasculon, Viggo-Spectramed, Helsingborg, Sweden) is put in place before the automated measurement of arterial pressure. After 30 min in the supine position (in a quiet room), blood samples are taken in order to measure sodium, potassium, chloride, creatinine, adrenaline, noradrenaline, aldosterone and plasma renin activity. Five minutes after standing up (after the last automatic measurement of the arterial pressure), a second sample is taken in order to measure plasma renin activity in the upright position.
The plasma catecholamines are measured by HPLC (electrochemical detection; Waters Millipore, St Quentin en Yvelines, France), aldosterone by RIA (kit Aldo CT, Cis Bio International, Gif sur Yvette, France), the plasma renin activity by RIA (kit Ren-2, Cis Bio International).
Statistical analysis
Quantitative variables are expressed in percentiles and/or by the mean ± the standard deviation (s.d.). Linear regression is used to analyse the relationship between quantitative variables. An alpha value of P Ͻ 0.05 is considered to be significant. A commercial software package was used (BDMP Statistical Software, Cork, Ireland).
Results
Clinical data
All the clinical examinations including the indirect BP measurements were performed under comparable circumstances (between 09.00 and 12.00) by the same physician. At the time of the investigation, patient age and time since the operation were on average 21 ± 13 years and 8 ± 3 years, respectively.
Clinical interview:
One patient complained about dyspnea at rest that increased during effort. Ten patients signalled dyspnea, headache and/or abnormal fatigue during effort. Three patients were treated with anti-hypertensive drugs (one patient with an alpha 1 -blocker, two patients with a beta-blocker). One patient was treated with a calcium antagonist because of an ischaemic cardiopathy.
Examination:
The clinical examination was normal in 13 patients. Eighteen patients had a systolic precordial murmur. Six patients complained about having cold feet, associated with ankle oedema in one patient and with absence of tibial pulse in another.
Measurement of the brachial arterial pressure in supine position with a sphygmomanometer by auscultation (Table 3) At the right arm, the arterial pressure was on average 127 ± 22 mm Hg for the systolic measurement (SAP) and 77 ± 11 mm Hg for the diastolic measurement (DAP) (n = 45); at the left arm, the average values were 119 ± 21 mm Hg and 78 ± 12 mm Hg (n = 36), respectively. The group was quite heterogeneous. According to the norms of North-American committees, 18 of the 45 patients had increased BP as measured at the right arm. 10, 11 Of these 18, eight were adults and the other 10 were children, of whom six met the criteria for severe hypertension.
Among the patients less than 20 years old (n = 28), the right arm BP was at or above the 99th percentile (in the general population) in five patients for the systolic and in one patient for the diastolic BP. For patients over 20 years old (n = 17), the right arm BP was higher than 140 mm Hg for the systolic measurement for five patients and higher than 90 mm Hg for the diastolic value in three patients. Two of these 17 patients had a right arm SAP of more than 160 mm Hg and one patient a DAP of more than 115 mm Hg. Two of the three treated hypertensive patients still had increased BP.
Among the 13 patients who required postoperative anti-hypertensive treatment, six still had increased sphygmomanometric brachial arterial pressure. (Table 4) : The highest values are usually observed at the first measurement while the lowest values are generally observed after 15 min in the supine position. Taking the arterial pressure norms for the auscultatory method as a reference, at least 26 of the 45 patients had an increased SAP value and at least 16 patients had an increased value for DAP. 10, 11 In five patients, all systolic BP measurements in the supine position were abnormally high; in two, all diastolic measurements. Among patients with at least one increased BP 
Automatic measurement of the BP by oscillometric method-Orthostasis test
Repeated automatic BP measurements during 30 min at rest in supine position
Ambulatory BP monitoring (ABPM) (Table 5)
For practical reasons, in particular for patients followed in other departments, ambulatory examination of arterial pressure was only performed in 20 patients. Their average age was 25 years (13 to 68 years). Six of these patients had increased sphygmomanometric brachial arterial pressure. None of the three patients treated for hypertension were examined by ABPM. The average value of BP measured over a period of 24 h was 123 ± 14 mm Hg for the systolic and 71 ± 8 mm Hg for the diastolic value, the heart rate average being 79 ± 9 bpm. Nineteen percent of the SAP measurements were above 140 mm Hg and 10% of the DAP were above 90 mm Hg. By taking the average values of the Allied Irish Bank Study plus 2 s.d. as the norm, four of the 20 patients examined had an increased SAP and three (including two of the above four patients) an increased DAP. 19 One of these five patients, treated with a calcium antagonist because of an ischaemic cardiopathy, also had increased sphygmomanometric brachial arterial pressure. Contrary to this, six of the 15 patients with normal BP values had increased sphygmomanometric brachial arterial pressure; the sphygmomanometric DAP of three of them was also increased.
On average, systolic/diastolic pressure fell by 12 ± 8 mm Hg/12 ± 5 mm Hg (10% ± 6%/17% ± 6%) during the night. Ten patients were non-dippers, ie, they showed a fall in the mean systolic and diastolic BP of less than 10% from day (06.00 to 22.00) to night (22.00 to 06.00). 20 The BP and the heart rate are assessed at rest in supine position every 5 min over a period of 30 min, and immediately and 5 min after assuming an upright position; the cuff is put in place on the arm where the sphygmomanometric auscultatory arterial pressure is the highest; Results are expressed as mean ± s.d.; SAP: systolic arterial pressure; DAP: diastolic arterial pressure; HR: heart rate expressed in beats per min. 66 ± 9 8 9 ± 9 120 ± 18 12 ± 3 HR (bpm) 57 ± 9 7 9 ± 9 123 ± 28 14 ± 5
Results are expressed as the mean ± s.d. SAP: systolic arterial pressure; DAP: diastolic arterial pressure; MAP: mean arterial pressure; HR: heart rate; ABPM: ambulatory blood pressure monitoring.
These data show that different definitions of hypertension lead to widely varying incidence in this population.
Ankle-arm systolic pressure index
Average SAP was 132 ± 23 mm Hg at the level of the right ankle (n = 45) and 129 ± 17 mm Hg at the level of the left ankle (n = 44); the SAP values correlated well with the auscultatory sphygmomanometric assessments at the right arm (r = 0.96, P Ͻ 0.0001). The SAP at the left ankle was not measurable in one patient. In the arms, the SAP determined by ultrasonic Doppler technique was on average 127 ± 31 mm Hg at the right arm (n = 45) and 112 ± 21 mm Hg at the left arm. The SAP was not measurable in the left arm in two patients, one of them being one of the six patients in whom the arterial pressure was not measurable in the same arm by the auscultatory method with a sphygmomanometer; the SAP measured by Doppler was on average 91 ± 7 mm Hg in the five other patients. Thus the AAI averaged 1.05 ± 0.15 (n = 45; below 0.9 in four patients; above 1.2 in six patients).
Measurement of the pulse wave velocity (PWV)
The average PWV was 6.7 ± 2.55 m/s in the 44 patients examined (from 2.7 to 17.7 m/s; distance between sensors 580 ± 76 mm). Using the values reported by Avolio et al 21 as norms, which take into account the age and the mean arterial pressure, 32 patients (73%) had a decreased PWV, 10 patients (23%) a normal PWV and two patients an increased PWV. The well-known relationship between age and PWV was nevertheless observed (Figure 1 ). There was also a significant correlation between right brachial BP and PWV (Figure 2 ). In contrast, no relationship was observed between AAI and PWV ( Figure 3 ).
Cardiac scan
The end-diastolic diameter of the aortic root was on average 30 ± 6 mm. It was increased according to criteria of the American Society of Echocardiography (ASE) in five patients (11%), of whom three had increased sphygmomanometric right brachial arterial pressure (two of them had undergone surgery after the age of 50 years). 17, 18 The diameter of the ascending aorta was lower than normal in two normotensive patients (4%). The E/A ratio, on average 1.8 ± 0.7 (n = 42), was only obviously abnormal in one patient (0.77), signifying an alteration of left ventricular diastolic function. This untreated patient of 47 years, who had undergone surgery in 1992, had an increased sphygmomanometric right brachial arterial pressure (systolic and diastolic). The PWV and the LVMI were normal. The fractional shortening (FS) of the left ventricle was on average 0.40 ± 0.07 (n = 45). It was р0.30 in six patients. The patient treated with a calcium antagonist exhibited the lowest value (0.23); his sphygmomanometric brachial systolic and diastolic pressures were abnormally increased and his LVMI was 171 g/m 2 . Four of the five other patients whose FS was lower than 0.30 were adolescents and three of them complained of abnormal breathlessness during effort, while the fourth had increased sphygmomanometric right brachial BP.
LVMI was on average 89 ± 30 g/m 2 (n = 45). Six male patients had left ventricular hypertrophy.
Biological data (Table 6) Concentrations of sodium, potassium, chloride and creatinine were normal (n = 42).
The plasma adrenaline concentration exceeded 150 pg/ml, our laboratory's upper norm, in 22 patients (n = 41); in 12 of these patients, sphygmomanometric brachial arterial pressure was increased.
The plasma concentration of noradrenaline was normal except for three patients in which it was slightly above the laboratory upper norm (n = 41).
The plasma renin activity after 30 min supine was normal in all the patients examined (n = 41). In contrast, the value after 5 min standing showed an increased level in two patients, twice that of the upper norm. One of these patients showed an increased sphygmomanometric DAP, the other, normotensive, also had the highest level of adrenaline of all the patients examined. The AAI was normal in these two patients.
The plasma aldosterone concentration was higher than the laboratory's upper norm in 22 patients (n = 42) including one of the three known hypertensives and the patient treated with a calcium antagonist who also had an increased adrenaline level. Among those subjects showing increased sphygmomanometric brachial arterial pressure (n = 18), six had an increased plasma aldosterone concentration.
Discussion
About 40% of the patients examined in our study of aortic coarctation repair showed increased sphygmomanometric brachial arterial pressure assessed by a single measurement at rest. The majority of these patients probably have borderline hypertension. The observation of a large number of elevated systolic pressures during 24 h ambulatory monitoring is the first confirmation of a recent report by Parrish et al 6 in 11 patients with normal mean systolic and diastolic ambulatory BP after apparently successful coarctation repair. In addition, the circadian rhythm also might be altered in some patients as 10 of the 20 patients investigated with ABPM had a blunted nocturnal fall in BP and so could be classified as non-dippers. 20 Several hypotheses have been proposed to explain the persistence and/or return of arterial hypertension in patients operated on for aortic coarctation. 7, 9, [22] [23] [24] Firstly, increased systemic vascular resistance because of sequellar and/or recurrent aortic stenosis has been held responsible. However, some patients remain hypertensive after successful aortic surgical repair. 7, 23 But most patients who are normotensive after surgical repair have mild persistent and/or recurrent aortic luminal narrowing. 6 Brachial BP is frequently increased during submaximal effort in children and adults believed to have undergone successful repair who are normotensive at rest. 7, 22, 25 A gradient of pressure often develops at the level of the surgical repair when cardiac output is increased. 6 In some of our patients, a significant pressure gradient is likely to persist at rest at the level of the surgical repair. The AAI measured at rest is less than 0.9 in seven patients and five of them have increased sphygmomanometric brachial BP. Overall however, the AAI in the majority of the patients is in the normal range; yet the mean aortic compliance estimated by PWV is particularly low. We have no definitive explanation for the fact that 32 of our patients (73%) have decreased PWV. The time of arrival of the pulse wave at the femoral artery with respect to the R wave of the electrocardiogram is advanced by coarctation repair. 26 There is likely an increased aortic stiffness at the level of the surgical repair because of aortic structural alterations. Surgical repair results in local accumulation of collagen that probably decreases the compliance of a large elastic artery. The aortic innervation might also be altered, and relaxed vessels are less distensible compared to constricted vessels. 27 But carotid-femoral PWV gives an overall index of aortic elastic properties and does not focus on localized arterial sites where elastic resistance might be changed. Therefore, the low carotid-femoral PWV observed might result from structural and/or functional modifications in the aorta and other large arteries up-and downstream from the site of the coarctation repair.
A role of the kidney has also been proposed to explain the arterial hypertension of aortic coarctation. 23, 28 Although the kidney probably participates in the genesis of the hypertension in patients with aortic coarctation, it is usually assumed not to be involved in its maintenance because plasma renin levels are generally normal. 23 In our patients, too, we did not observe biological anomalies which would obviously incriminate the kidney or the renin-angiotensin system. The plasma renin activity was only slightly increased in two patients after going from the supine to the upright position. The plasma aldosterone, however, was elevated in 22 of the 42 patients examined. Although no significant relationship exists between plasma aldosterone and the various BP measurements, we postulate that plasma aldosterone plays a role in the BP status observed in our patients after coarctation repair. Increased plasma aldosterone might result from recurrent transient kidney hypoperfusion because of sequellar mild aortic narrowing and impaired baroreflex function. Plasma renin activity might be in the normal range because plasma aldosterone increase, initially mediated by renin, would become autonomous. The absence of functional symptoms, although the baroreflex appears impaired, might result in part from endocrine changes (see below).
The third mechanism proposed for the pathogenesis and/or the maintenance of hypertension in patients with aortic coarctation repair is related to functional and structural alterations at the level of the precoarctation arterial beds. There is vascular hyperreactivity to potassium, noradrenaline and prostaglandin F 2alpha at the level of the precoarctation arterial beds which is likely to persist after successful coarctation repair. 7, 24 Arterial dilatation in the precoarctation vascular bed of otherwise healthy young adults has also been reported to remain diminished despite coarctation repair. 7 Endothelium-dependent vasodilation (in response to reactive hyperemia) as well as endothelium-independent dilation (vasodilation in response to glyceryltrinitrate) was decreased in both resistance and conduit arteries. 7 The precoarctation aorta wall contains more collagen and fewer muscular fibres than the post-stenotic aorta, whose structure appears to be normal. 24 Structural modifications of the precoarctation aorta decrease the sensitivity of the aortic arch and carotid baroreceptors. Therefore the baroreflex function is frequently impaired in patients with aortic coarctation, before as well as after surgical repair. 9 The 'low pressure component' of the baroreflex function was explored in our patients by asking them to stand after a period of 30 min at rest in the supine position. None of the patients revealed functional symptoms during this test but the haemodynamic responses observed, which varied greatly, were often abnormal (Table 4) . BP lability was frequently observed at rest in the supine position and furthermore the BP circadian rhythm was often altered. An alteration of the autonomic nervous regulation of the BP is thus likely in our patients.
The plasma adrenaline level was increased in 22 of the 41 patients studied and 12 of them had an increased sphygmomanometric brachial BP. No significant relationship exists between plasma adrenaline level and sphygmomanometric BP as measured after 10 min rest in the supine position. But relationships exist with some 'dynamic' parameters of the BP status. There is a significant correlation between plasma adrenaline and the maximal value of the heart rate (r 2 = 0.10; P = 0.04) as well as the mean value of the DAP (r 2 = 0.13; P = 0.02), measured using the oscillometric method during the 30 min of rest in the supine position. The variation of the heart rate during the 5 min after standing also appears to be linked to the plasma adrenaline level at rest (r 2 = 0.17; P = 0.009). Such relationships between plasma adrenaline and 'dynamic' parameters of the BP status remain when the three known hypertensive patients and the patient treated with a calcium antagonist are excluded from the analysis.
So the variables that are likely to play a role in the BP abnormalities observed are clearly intricate. Most patients who are normotensive after surgical repair have mild persistent and/or recurrent aortic luminal narrowing. 6 In some patients, a significant pressure gradient persists at rest at the level of the surgical repair. In many others, it develops when cardiac output is increased. 6, 7, 22, 25 This phenomenon is involved in functional and structural alterations at the level of the precoarctation arterial beds and results in a decrease in the sensitivity of the aortic arch and carotid baroreceptors. Altered baroreflex function may result in the activation of sympathoadrenal preganglionic neurons and therefore induce adrenaline release. 29 Such a neuroendocrine phenomenon in our patients thus might result from mild persistent and/or recurrent aortic luminal narrowing, through baroreflex function impairment. On the other hand, it might be exacerbated by the recurrent transient episodes of hypotension observed in these patients because of impaired baroreflex function. Finally, increased adrenaline might contribute to the observed absence of functional symptoms when standing up. Since there exists vascular hyperreactivity to catecholamines at the level of the precoarctation arterial beds, 8 the slightly increased plasma adrenaline level furthermore might result in exaggerated arterial constriction and so contribute to BP increase. It might also contribute to explain the low carotid-femoral PWV observed. Relaxed vessels are less distensible compared to constricted vessels. 27 Increased plasma aldosterone would result from a 'homeostatic' response to recurrent transient kidney hypoperfusion and contribute to BP abnormalities observed. In contrast, sex, associated cardiovascular anomalies and type of surgical intervention appear to have no influence in altered BP regulation after aortic coarctation repair.
Repercussions of arterial hypertension are likely to play a role in the long term excess mortality observed in patients operated on for aortic coarctation, the majority of deaths in these patients being due to coronary and cerebrovascular disease. [3] [4] [5] The LVMI in this respect may constitute a powerful predictive marker of morbidity and mortality independent of casual and ambulatory BP alike in other forms of hypertension. [30] [31] [32] But in the patients we examined, such clinical repercussions appear limited. The diastolic function of the left ventricle estimated by the E/A ratio appeared normal except in one patient. The systolic function of the left ventricle was also usually in the normal range. Finally, only six patients, five of whom showed abnormal sphygmomanometric BP at rest, had left ventricular hypertrophy.
In conclusion, despite surgical repair of aortic coarctation, about 40% of the patients examined showed abnormal BP at rest. The orthostatis test as well as the circadian BP rhythm were frequently abnormal. Structural and/or functional aortic abnormalities, reflected by the unexpectedly diminished carotid-femoral PWV, are likely to result from sequellar mild coarctation and to contribute to abnormal BP status after coarctation repair even though the AAI measured at rest is generally within the normal range. Plasma adrenaline and aldosterone levels are elevated in about 50% of the patients examined. These humoral changes might play a role in the BP abnormalities observed. We postulate that there is a cause and effect relationship between mild persistent and/or recurrent aortic luminal narrowing, structural and/or functional aortic abnormalities and neuroendocrine findings.
Overall our results appear to justify systematic surveillance of patients operated on for aortic coarctation, for early detection and treatment of these BP abnormalities. Further studies in which control groups are included or, better still, follow-up 'cohort' studies with complementary investigations at rest and during exercise are needed to better define vascular functional and structural abnormalities as well as neuroendocrine alterations following aortic coarctation repair.
